We report the detection of hydrogen chloride, HCl, in diffuse molecular clouds on the line of sight towards the star-forming region W31C (G10.6-0.4). The over a wide range of velocities associated with diffuse clouds along the line of sight to W31C. The analysis of the absorption strength yields a total HCl column density of few 10 13 cm −2 , implying that HCl accounts for ∼ 0.6 % of the total gasphase chlorine, which exceeds by a factor of ∼ 6 the theoretical model predictions.
Introduction
Hydride molecules play an important role in interstellar chemistry, as they are often , and C + and, in the case of HCl, also by photoionization. Chlorine chemistry has been determined by extensive theoretical and observational work (Jura 1974; Dalgarno et al. 1974; van Dishoeck & Black 1986; Blake et al. 1986; Schilke et al. 1995; Federman et al. 1995) . In diffuse clouds, Cl atoms can be ionized by UV photons at wavelengths between 91.2 and 95.6 nm (Jura 1974) . The resulting ion, Cl + , reacts rapidly exothermically (by 0.17 eV) with H 2 to form HCl The Herschel/HIFI instrument has indeed allowed observations for the first time of these two new Cl-bearing species in the interstellar medium, as well as the detection of HCl in diffuse clouds De Luca et al. 2012 ) and in protostellar shocks (Codella et al. 2012 (Neufeld et al. 2012) . The H 2 Cl + column densities obtained from these studies, imply that chloronium accounts for ∼ 4 -12 % of chlorine nuclei in the gas phase. This result is at least a factor ∼ 10 larger than that predicted by the chemical models, which predict a H 2 Cl + and HCl + joint contribution of ∼ 2 % to the total gas-phase chlorine budget (Neufeld et al. 2012) . Similar results have been derived from observations of HCl + towards W31C and W49N (De Luca et al. 2012) ,
where HCl + has been detected in absorption with large column densities suggesting a 3 -5 % contribution of this species to the total gas-phase chlorine content.
The discrepancy between the chlorine chemistry models and observations is very puzzling; diffuse clouds contain only simple molecules, and the number of reactions involved in describing their abundances is fewer than in dense molecular clouds. Therefore, a test of the basic interstellar chemistry should be possible, establishing much higher standards for the modeling of diffuse clouds compared to those of dense clouds. The diffuse cloud models thus should be able to reproduce the measured abundances to a factor of two or better (van Dishoeck 1990) .
In this paper, we report the result of Herschel/HIFI observations of HCl J = 1 − 0 on the line of sight towards W31C (G10.6-0.4). These observations were previously attempted by Peng et al. (2010) using the Caltech Submillimeter Observatory (CSO), but yielded no
HCl detection due to the high rms of ∼ 0.15 K at a velocity resolution of 0.31 km s −1 in their observations. W31C is an extremely active region of high-mass star formation, and one of the three bright HII regions of the W31 complex, harboring an extremely luminous submillimeter and infrared continuum source (L IR ∼ 10 7 L ⊙ , Wright et al. 1977) . With a kinematic distance of 4.8 Fish et al. 2003) , the W31C line of sight intersects several foreground molecular clouds from the Milky Way spiral arms. The source location and its strong continuum flux, make W31C one of the best sources towards which to carry out absorption line studies. We compare the Herschel/HIFI results with current chlorine chemistry models and with observations of other Cl-bearing molecules detected along the same line of sight and toward the galactic center source Sgr B2(S).
Observations
The observations were performed with the Herschel/HIFI instrument (de Graauw et al. 
Results
The spectra obtained for the two stable hydrogen chloride isotopologues, H 35 Cl and H 37 Cl towards W31C are shown in Figure 1 , upper and lower panels respectively. The data quality is excellent with a double sideband continuum antenna temperature of ∼ 1.6 K, and a rms noise of ∼ 6 mK. Figure 1 shows the H 35 Cl and H 37 Cl emission lines from the background source and a clear absorption feature in the H 35 Cl spectrum, at velocities ∼ 10 -50 km s −1 . The emission lines from the source will be discussed in an extended paper, which will include the HCl observations towards all PRISMAS sources (Monje et al. in prep.) . The H 35 Cl absorption feature is analogous to the one seen in the spectra of other molecules such as HF, CH and H 2 O (see Figure 2 in Neufeld et al. 2012 ) and corresponds to the foreground clouds on the line of sight towards W31C. The foreground clouds are known to harbor low density and cool molecular gas (T kin ∼ 50 -70 K from H 2 and ∼ 100 K from H I), where molecular excitation can be highly subthermal, with excitation temperatures close to the cosmic microwave background radiation ∼ 2.73 K (Godard et al.
2010
). Consequently, molecular emission lines are very weak and these clouds are best studied through absorption spectroscopy.
The corresponding H 37 Cl absorption line is contaminated by interfering emission of dimethyl ether (CH 3 OCH 3 ), methyl cyanide (CH 3 CN, v=0) and sulphur dioxide (SO 2 ). The emission lines are modeled with the program XCLASS (Schilke et al. 1998; Comito et al. 2005) , which assumes local thermodynamic equilibrium (LTE) and uses the rest frequencies provided by the Cologne Database for Molecular Spectroscopy (CDMS) (Müller et al. 2001; Müller et al 2005) and the Jet Propulsion Laboratory (JPL) molecular spectroscopy database (Pickett et al. 1998) . The result from the line fits exhibits two relatively strong The parameters used in the LTE model, shown in Table 1 , assume that the CH 3 CN and SO 2 are tracers of the hot core (Beltrán et al. 2011 ) while the CH 3 OCH 3 arises from the more extended envelope. However, the W31C region is known to be a complex source with outflow activity from embedded high-mass protostars, methanol masers, a dense rotating toroid and infalling material from the molecular envelope. The LTE emission line fit model is thus an approximation and tighter constraints using the combination of key molecules such as methanol, formaldehyde, CO, CS and SO and more complex chemical modeling are needed. Due to the uncertainties of the modeling, we only use the contamination-free spectra (grey shaded area in Figure 2 ) to derive an estimate of the 35 Cl/ 37 Cl isotopic ratio, as described below.
The rotational levels of HCl have a hyperfine splitting, caused by the interaction of the quadrupole moment of the chlorine nucleus (I = 3/2) and the electric field. The components that results in a complex profile. In order to determine the velocity structure of the foreground absorbing gas, we extract the signal associated with each HFS component using the numerical procedure described in Godard et al. (2012) . In Figure 4 , we present the H 35 Cl spectrum, with flux normalized with respect to the single sideband continuum
, where T L /T C is the line-to-continuum ratio) in the velocity range from υ LSR ≈ 5 to 70 km s −1 . The decomposition of the 625 GHz line into three hyperfine components, the main F = 5/2 − 3/2 and the two satellite F = 1/2 − 3/2 and F = 3/2 − 3/2 hyperfine components, is also plotted in Figure 4 . We add the three hyperfine components, shifting (in velocity) the satellite components accordingly to the main hyperfine component velocity shift, and obtain a hyperfine deconvolved spectrum, equivalent to a splitting-free spectrum, where each HFS component contributes to the optical depth. In order to estimate the line width and the center velocity of each individual velocity component, we fit the spectrum with a set of Gaussian curves (see Figure 5 ). The five Gaussian components used in our fit were set to give a better correspondence to other molecular transitions observed towards the same background source, such as H 2 Cl + (Neufeld et al. 2012 ) and CH (Gerin et al. 2010 ). For comparison, we also plot in Figure 5 where g u = 3 and g l = 1 are the degeneracies of the upper (J = 1) and lower (J = 0)
state. Since we use the deconvolved spectrum without hyperfine splitting, λ = 478.96 µm is the transition wavelength, and A ul = 1.17 × 10 −3 s −1 is the spontaneous radiative decay rate. Table 2 shows the HCl column densities and the abundances with respect to the total hydrogen column density. We calculate the 35 Cl/ 37 Cl ratio in the velocity interval free from emission line contamination (shaded interval in Figure 2 
Chemical model
We use the Meudon PDR code (Le Petit et al. 2006) to compute the fractional abundances of the various chlorine bearing species, i.e. the abundance of each species normalized relative to the chlorine elemental abundance, as a function of the total extinction of the cloud, A v,tot . The Meudon PDR code is a one-or two-sided model, where the molecular cloud is modeled as a stationary plane-parallel slab of gas and dust, exposed to incident radiation field from a bright star or the Interstellar Standard Radiation Field (ISRF). As input parameters, we use the best fit model from Neufeld et al. (2012) , which corresponds to an initial density of n H = 316 cm −3 , a radiation field intensity from both sides of 10 and a primary ionization rate of 1.810 × 10 −16 s −1 . Using the standard Galactic gas-to-dust ratio N H /A v = 1.93 × 10 21 mag −1 cm −2 (Whittet 2003) , A v,tot probed is ∼ 3 -5. The obtained abundances normalized relative to the relevant gas-phase elemental abundance are shown in Figure 6 -left, the results indicate that the HCl + and H 2 Cl + account jointly at best for ∼ 2 % of the elemental chlorine in the gas phase while HCl accounts for ∼ 0.1 %. The modeled HCl fractional abundance under predicts the results obtained from the observations by an average value of about 6.
The DR studies of H 2 Cl + and the corresponding product branching ratios are not yet available from laboratory experiments. In their models, NW09 assumed a branching ratio of 90 % for Cl and 10 % for HCl, motivated by the low HCl abundance observed towards the diffuse cloud ζ Oph. We have thus investigated the effect of the branching ratio of H 2 Cl + DR for the physical conditions described above, based on the correlation obtained between the branching ratio of triatomic dihydride ions for 3-body dissociation and the corresponding energy release obtained by Roueff & Herbst (2011) . From that correlation, Roueff & Herbst (2011) obtain a branching ratio of 56 % for the 3-body dissociation of
We estimate the fractional abundances corresponding to the new branching ratio and plot them as dashed lines in Figure 6 -right, in comparison with those obtain with previous assumption (90 % for Cl) in full lines, as a function of A vtot . The results show that differences occur only for the minor species, i.e. HCl, HCl + and H 2 Cl + while the reservoirs Cl and Cl + are not affected. The increase in the HCl column density is about a factor of ∼ 5, in closer agreement with our observational results. However, the increase for HCl + and H 2 Cl + is much smaller, and then this result cannot explain all the discrepancies.
Discussion
We present the detection of H 35 Cl and H 37 Cl J = 0 − 1 transition in absorption on the line of sight towards the bright submillimeter source W31C. The obtained HCl column density (∼ 2 × 10 13 cm −2 ), is comparable with that obtained towards the line of sight to Sgr B2 (S) . Given the HCl + and H 2 Cl + column densities from De Luca et al.
(2012) and Neufeld et al. (2012) , the HCl + /H 2 Cl + and HCl/H 2 Cl + column density ratios, of ∼ 1 and ∼ 0.3 respectively, are within the range predicted by the models of diffuse clouds.
However, the averaged HCl abundance with respect to the total hydrogen content of 6.1 ± 0.6 × 10 −10 suggests a HCl fractional abundance with respect to the chlorine elemental abundance (N(Cl)/N H = 1.03 × 10 −7 ) a factor of about 6 larger than those predicted by chemical models of diffuse clouds. Similar discrepancies between models and observations were also found for other Cl-bearing gas-phase species, HCl + and H 2 Cl + towards W31C, Sgr A (+50 km s −1 molecular cloud) and W49N De Luca et al. 2012; Neufeld et al. 2012 ). (Sheffer et al. 2008 ).
c Assuming a solar 35 Cl/ 37 Cl ratio of 3.1 Table 1 . 
